Direct electrospray tandem mass spectrometry of the unstable hydroperoxy bishemiacetal product derived from cholesterol ozonolysis  by Pulfer, Melissa K et al.
Direct Electrospray Tandem Mass
Spectrometry of the Unstable Hydroperoxy
Bishemiacetal Product Derived From
Cholesterol Ozonolysis
Melissa K. Pulfer, Kathleen Harrison, and Robert C. Murphy
Department of Pediatrics, Division of Cell Biology, National Jewish Medical and Research Center, Denver,
Colorado, USA
Cholesterol is the most abundant neutral lipid in the epithelial lining fluid of the lower airways
of the lung also known as pulmonary surfactant and a potential target for reaction with
ambient ozone when inspired into the human lung. The isolated double bond of cholesterol
has been shown to be susceptible to attack by ozone, but the major reaction product from
cholesterol ozonolysis had been remarkably difficult to structurally characterize. Recently,
NMR and X-ray crystallography have been used to suggest the formation of a hydroperoxy,
hydroxy hemiacetal product, using various derivatives and models of cholesterol to stabilize
this chemically reactive product. Electrospray ionization mass spectrometry was used to study
the somewhat unstable ozonolysis product of cholesterol which was found to display unique
ionization and fragmentation properties when collisionally activated. The electron-deficient
carbon atoms of this highly oxygenated product permitted covalent attachment of an acetate
anion during negative ion electrospray ionization, leading to the formation of abundant
adduct ions at m/z 511. Surprisingly, positive ions were not readily formed. Collision induced
dissociation of the adduct anion yielded a major ion at m/z 477, corresponding to the loss of
hydrogen peroxide. The most abundant fragment ion following collisional activation was
observed at m/z 93, resulting from a complex rearrangement subsequent to the attack of the
hydroperoxide anion on the carbon center of the acetate adduct. Based on the interpretation of
the tandem mass spectral data, the major cholesterol ozonization product was characterized as
a hydroperoxy, hydroxy hemiacetal derivative, which was consistent with the NMR and X-ray
crystallographic studies which were carried out on the more stable methyl ether
derivative. (J Am Soc Mass Spectrom 2004, 15, 194–202) © 2004 American Society for Mass
Spectrometry
Ozone is a major component of urban air pollu-tion, and has been shown to cause a variety ofeffects in the human lung. These effects include
decreased lung function and cellular inflammation,
although these two physiological changes are not nec-
essarily correlated [1] and the degree of response varies
between individuals [2]. Epithelial cell necrosis has also
been associated with ozone exposure in the lung, an
event that precedes the neutrophil influx associated
with cellular inflammation [3].
Since ozone is a chemically reactive molecule, it has
been theorized that the gas reacts completely with the
lung epithelial cell lining fluid before reaching the
underlying epithelial cell membranes [4]. Therefore, it is
believed that the cellular damage associated with ozone
exposure may be induced by an intermediate ozonized
product. Such a molecule may be formed during the
interaction of epithelial cell lining fluid, also called
pulmonary surfactant, with ozone. Pulmonary surfac-
tant is rich in lipids, including phospholipid and cho-
lesterol, and it has been suggested that the pathophys-
iology involved with ozone exposure is related to the
formation of ozone derived lipid mediators [5].
The reaction of ozone with cholesterol was previ-
ously found to yield a major product which has been
studied over the past two decades by NMR spectros-
copy, resulting in various structural postulates [6–9].
Early studies suggested that the formation of 5,6-epid-
ioxy-5,6-secocholestane-3,5,6-triol was the primary
product of this reaction. However, recent evidence,
including X-ray crystal structure analysis of a choles-
terol derivative, suggested that the primary ozonolysis
product was possibly 5-hydroperoxy-B-homo-6-oxa-
cholestane-3,7-diol ( I ) [10]. This primary product (I)
has not been studied in detail by mass spectrometry,
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even though electrospray ionization and tandem mass
spectrometry should be sufficiently gentle to analyze
such a chemically reactive entity as an intact molecule.
Methods
Materials and Sample Preparation
Cholesterol and bistrimethylsilyltrifluoroacetamide
were purchased from Sigma (St. Louis, MO). Radioac-
tive [4-14C] cholesterol (45–60 mCi/mmol) was pur-
chased from NEN (Boston, MA). Stable isotope labeled
2,2,3,4,4,6-d6-cholesterol (98%) was purchased from
Cambridge Isotope Laboratories (Andover, MA). Sol-
vents were purchased from Fisher Chemical (Pitts-
burgh, PA). Ethyl alcohol-d was purchased from Al-
drich (Milwaukee, WI). Bis(trimethyl-d9-silyl)acetamide
(99%) was purchased from Isotech (Miamisburg, OH).
The ozone was generated using a tesla coil fitted with a
glass sleeve covering the high voltage electrode through
which oxygen (1 L/min) was passed.
Ozonolysis of cholesterol in which water was a
participating solvent was carried out by dissolving
cholesterol (1 mg/mL) in THF:H2O (1:1, vol/vol) and
passing ozone through the solution for 3 min. For
radioactive monitoring of ozonolysis products,
[14C]cholesterol (4 g) with a specific activity of 5.0
Ci/mol was ozonized in 200 L THF:water. After
ozonolysis, methylene chloride (100 L) was added to
the sample and the organic layer was taken for further
analysis. Larger scale experiments used to generate the
major ozonolysis products for LC/MS and GC/MS
experiments were carried out with cholesterol (1 mg) in
THF:water (1:1, vol/vol; 1 mL) containing [14C]choles-
terol to a final specific activity of 0.038 Ci/mol. After
3 min exposure to ozone, methylene chloride (500 L)
was added to the sample and the separated organic
layer taken for further analysis. When methanol was
used as a participating solvent, cholesterol (1 mg) was
dissolved in methanol:methylene chloride (1:1, vol/vol;
1 mL) and then treated with ozone for 3 min. Following
ozonolysis, H2O (500 L) was added and the separated
organic layer taken for subsequent analysis.
LC-MS/MS
Reversed phase HPLC was performed using an Ultra-
mex 5 C18 (250  4.6 mm) reversed phase column
(Phenomenex, Torrance, CA). The gradient started at
50% solvent A (20:20:60, acetonitrile:water:methanol, 1
mM ammonium acetate) and 50% solvent B (100%
methanol, 1 mM ammonium acetate) and was increased
linearly to 100% B over 20 min followed by another 20
min at 100% B. For ESI-MS analysis, 50–100 L/min of
the eluate were split from the column into a tandem
quadrupole mass spectrometer (PE-Sciex API-III,
Thornhill, Ontario, Canada), the remainder of the sam-
ple was either split to a fraction collector or to a
scintillation detector (Radiomatic Flo-one , Packard;
Meridan, CT) after in-line mixing with scintillation
cocktail for analysis of radioactivity content. Alterna-
tively, radioactivity was measured by scintillation
counting of a small portion of each fraction. Fractions
containing compounds of interest were infused by a
syringe pump at 50 L/min into the mass spectrometer
for MS/MS studies. For active hydrogen atom exchange
with deuterium atoms, the fraction containing the major
product was dried under vacuum and resuspended in 1
mL ethyl alcohol-d with a small amount of ammonium
acetate. Positive ions were analyzed with an ion spray
voltage of 4500 V and an orifice voltage of 65 V, versus
settings of 2800 V and 65 V, respectively, for nega-
tive ion analysis.
EI-GC/MS
The concentration of the major product in fractions
collected during the LC/MS/MS experiments were
directly calculated from the scintillation counting data
and the known specific activity of the starting radiola-
beled cholesterol. Aliquots containing 25 g of the
major ozonolysis product were reduced using excess
sodium borohydride in ethanol for 1 h to yield Com-
pound III. Additionally, the ozonolysis product was
treated with 0.5 mM SnCl2 in ethanol for 30 min as
previously described [11]. After Bligh and Dyer extrac-
tion [12], samples were taken to dryness and derivat-
ized using 50 L of bistrimethylsilylfluoroacetamide
and 50 L of acetonitrile for 1 hr at 60 °C. Alternatively,
the samples (3) were derivatized with 10 L of d9-
bistrimethylsilylacetamide and 50 L of acetonitrile
under the same conditions. An aliquot of each solution
(2 L) was analyzed on a gas chromatography/mass
spectrometer system (Trace, Thermo-Finnigan, San
Jose, CA) using positive electron ionization at 70 eV.
The gas chromatographic column (15 m DB-1 column,
0.25 mm i.d. and 0.25 m film thickness, Phenomenex,
Torrance, CA) was temperature programmed from
150 °C–300 °C over 20 min.
Structure 1
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Results
ESI-MS/MS
Cholesterol containing tracer [14C] cholesterol (final
specific activity 5 Ci/mol) was exposed to ozone for
3 min in THF:water (1:1). Reversed phase HPLC was
used to separate radioactive products. The most abun-
dant radioactive product (I) eluted between 17 and 18
min (Figure 1a). Interestingly, the base ion chromato-
gram of the ozonized cholesterol products analyzed by
LC/MS (positive ions) revealed several earlier peaks,
but only a minor peak eluted where the most abundant
compounds were revealed to elute based on the radio-
active tracer (Figure 1b). In fact, when large amounts of
sample were injected, a drop in the ion signal was seen
at this retention time. When LC/MS analysis was run
under the same conditions, but in negative ion mode,
the base ion chromatogram was quite different. One
very large peak eluted at the same retention time as the
fractions with the highest content of radioactivity, at
16–17 min (Figure 1c).
The major negative ion observed in this fraction
(16–17 min) appeared at m/z 477.3 when ammonium
acetate was used as buffer in the solvent system and the
orifice was set to 50 V (Figure 2a). The second most
abundant anion, m/z 511.4, was consistent with an
acetate anion adduct of an ozone product of cholesterol
that has incorporated an additional four oxygen atoms
and two hydrogen atoms. The most abundant ion (m/z
477.3) corresponded to a loss of 34 u (neutral hydrogen
Figure 1. Reversed phase HPLC separation of ozonolysis prod-
ucts following reaction of ozone with [14C]cholesterol (4 g, 50
nCi). (a) Radioactive monitoring trace of the eluting products from
the RP-HPLC separation; (b) base ion chromatogram from posi-
tive ion electrospray ionization LC/MS analysis; (c) base ion
chromatogram from the negative ion electrospray ionization
LC/MS analysis.
Figure 2. Mass spectra of major ozonolysis product of cholesterol (I). (a) Negative ions obtained
during elution of the major ozone reaction product (I) when ammonium acetate (10 mM) was used in
the mobile phase. (b) Negative ions formed during the elution of the major ozone product (I) when
ammonium formate (10 mM) was used in the electrospray buffer.
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peroxide) from the acetate adduct (m/z 511.4), depend-
ing on the orifice potential. At an orifice of 25 V, m/z 477
was a minor ion species, but was quite abundant at 50
V. Above an orifice voltage of 80 V, m/z 417 (see below)
became dominant. When ammonium formate was sub-
stituted as the buffer salt (Figure 2b), abundant ions
appeared at m/z 497.4 and 463.3, corresponding to the
formation of a formate anion adduct of the oxidized
cholesterol and subsequent loss of H2O2.
Collisional activation of the acetate adduct ion, [M 
59], m/z 511.4 (Figure 3a), revealed a facile loss of
hydrogen peroxide (m/z 477.3) as well as the loss of
hydrogen peroxide plus neutral acetic acid (60 u) at m/z
417.3. Further loss of water from m/z 417.3 yielded the
ion at m/z 399.3. However, the most abundant product
ion was observed at m/z 93.1. None of these losses were
observed in the MS/MS of cholesterol itself (data not
shown).
The major product from the ozonolysis of d6-
2,2,3,4,4,6-cholesterol was also studied. Collisional acti-
vation of the analogous oxidized cholesterol acetate
adduct (m/z 517) (Figure 3b) yielded ions corresponding
to loss of the hydrogen peroxide moiety (m/z 483.3)
without any loss of the deuterium atoms. However, the
product ions corresponding to the loss of hydrogen
peroxide plus acetic acid involved the loss of 0 (m/z
423.3) or 1 (m/z 422.3) deuterium atom. The product
ions corresponding to the subsequent loss of water
revealed losses of 1 or 2 deuterium atoms (m/z 404.3 and
403.3, respectively).
Exchange of the active hydrogen atoms of the major
ozonized cholesterol product with deuterium from
ethyl alcohol-d was performed to see if any hydrogen
atoms bound to oxygen atoms were involved in the
decomposition mechanism. The presence of three ex-
changeable protons was confirmed by a mass shift of
3 u to m/z 514.3. The CID spectrum of this ion (Figure
3c) gave a fragment corresponding to the loss of 36 u
(m/z 478.3), which suggested that two exchangeable
deuteriums were involved in the loss of hydrogen
peroxide. The ion corresponding to loss of acetic acid
plus hydrogen peroxide did not lead to any further
deuterium atom losses, but the further loss of water did
lead to loss of the remaining deuterium atom (m/z
399.3).
The most abundant product ion resulting from the
collisional activation of deuterium labeled m/z 514.3
was observed at m/z 95.1 revealing that two of the
exchangeable deuteriums were involved in the forma-
tion of this ion. This suggested the loss of hydrogen
from one of the hydroxyl groups was involved in the
rearrangement that led to the formation of an ion that
was composed of hydrogen peroxide and acetate. The
assignment of this ion was supported by collisional
Figure 3. Tandem mass spectrometry of Compound I. (a) Product ions obtained following the
collisional activation of m/z 511.4 [M  OAc] with a structure of the acetate adduct indicated. (b)
Product ions following the collisional activation of the acetate adduct of the major ozonolysis product
of d6-cholesterol with positions of the deuterium labeled atoms indicated in the inset structure. (c)
Collision-induced decomposition of m/z 514 [M  OAc] following deuterium exchange of the active
hydrogen atoms of Compound I. The structure of an acetate adduct with the exchangeable protons is
indicated in the structure.
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activation of the formate adduct at m/z 497 that resulted
in a fragment ion at m/z 79 (data not shown).
Cholesterol with radioactive tracer was also ozo-
nized in a participating solvent system of 1:1 methanol:
methylene chloride. The major product from this reac-
tion was more lipophilic than the ozonide formed in
THF:H2O, with an elution time of 22–23 min using the
same gradient and column. Interestingly, during
LC/MS in positive ion mode there was a broad peak in
the base ion chromatogram at this retention time, but an
ozonized product was not observed at this retention
time in negative ion mode (data not shown). The major
ions in the positive ion mode in this peak were observed
at m/z 435.3, 452.3, 484.3, and 950.7 (Table 1). The ion at
m/z 484.3 was consistent with an ammonium ion adduct
[M  NH4]
 of the major cholesterol ozonide with a
methoxyl group at C7 rather than a hydroxyl (II). The
ion at m/z 950.7 corresponded to a [2M  NH4]
 ion.
The ions at m/z 435.3 and 452.3 were likely decomposi-
tion products from the m/z 484.3 ion, since collisional
activation of this ion resulted in the formation of the
these ions as well as others shown in Table 1. The
decomposition ions corresponded to losses of methanol,
ammonia, hydrogen peroxide, and water. During infu-
sion of this compound in negative ion mode, an abun-
dant ion was observed at m/z 525.4. The collision
induced decomposition of this ion yielded an abundant
ion at m/z 59, but no other decomposition products were
observed.
The hexadeuterated cholesterol was also ozonized
using solvent conditions in which methanol was the
participating solvent. In positive ion LC/MS, there was
a peak that eluted at 2223 min with major ions at m/z
441.3, 458.3, 490.3, and 962.7 (data not shown) revealing
that none of the carbon-bonded deuterium atoms were
involved in formation of the decomposition product
ions following collisional activation, as was the case for
the major cholesterol ozonide product (I) formed in the
presence of water.
GC/MS
An investigation of the major ozonolysis product of
cholesterol (I) was also carried out using electron ion-
ization. Since the intact compound was suspected to be
thermally unstable, several derivatives and chemical
reduction were carried out prior to GC/MS analysis. An
interesting finding was the inability to reduce the
suspected hydroperoxyl moiety of this molecule with
SnCl2. The retention time and mass spectrum of the
compound treated by SnCl2 was identical to the starting
material by LC/MS in negative ion mode (data not
shown). However, sodium borohydride successfully
reduced the compound and only a single trimethylsilyl
derivative was observed by GC/MS after borohydride
reduction. The electron ionization mass spectrum of the
trimethylsilyl derivative of the reduced compound pro-
duced an [M  15] ion observed at m/z 623, and ions
corresponding to the consecutive losses of 1–3 TMSOH
groups at m/z 548, 458, and 368 (Figure 4a).
The major product from hexadeuterated cholesterol
treated with ozone was also reduced with NaBH4 and
trimethylsilylated for analysis by electron ionization
(Figure 4b). The [M 15] ion was observed at m/z 629.
Some loss of deuterium was observed during loss of the
TMSOH groups revealing that carbon bonded hydro-
gen atoms were involved in this decomposition process.
Comparison of the abundant ions in the two spectra
revealed that ions at m/z 131 and 219 contained two
deuterium atoms suggesting these fragment ions were
derived from a portion of Ring A. Ions at m/z 276 and
322 contained only one deuterium atom suggesting
they might be derived from the regions from Ring B of
cholesterol containing carbon-6.
The reduced ozonolysis product was also derivat-
ized with d9-BSA to assist with identification of the
fragment ions (Figure 4c). Once again, the molecular ion
(m/z 665) was not observed, but an ion was observed at
m/z 647 consistent with [M  18] from the loss of one
Table 1. Major ions seen in the positive and negative electrospray ionization of Compound II. The relative abundance of major ions
formed during electrospray ionization is indicated. Collisional activation of the ammonium adduct ion [M  NH4]
 at m/z 484.3 and
[M  OAc] at m/z 525.4 are indicated with the mass losses and suspected neutral species loss
Positive Ions Negative Ions
m/z % Abundance m/z % Abundance
417.3, [M  NH467]
 34 525.4, [M  OAc] 100
435.3, [M  NH449]
 100
452.3, [M  NH432]
 96
484.3, [M  NH4]
 58
950.7, [2M  NH4]
 79
MS/MS (precursor m/z 484.3) MS/MS (precursor m/z 525.4)
m/z Loss from Precursor Ion (a) m/z Identity
452.3 CH3OH (32) 59 [CH3COO]

435.3 CH3OH, NH3 (49)
417.3 CH3OH, NH3,H2 (67)
401.3 CH3OH, NH3,H2O2 (83)
399.3 CH3OH, NH3,2(H2O) (85)
383.3 CH3OH, NH3,H2O, H2O2 (101)
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Figure 4. (a) Electron ionization (70 eV) GC/MS of Compound III after trimethylsilylation. (b)
Electron ionization GC/MS of the hexadeutero analog of Compound III. (c) Electron ionization mass
spectrum of Compound III following derivatization with d9-TMS.
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methyl group from a deuterio-TMS group. Losses of 99,
198, and 297 u from the molecular ion were observed
corresponding to loss of 1–3 d9-TMSOH groups respec-
tively. All other abundant ions observed corresponded
to the addition of 0, 9, or 18 u, which revealed that these
fragments contained zero, one, or two trimethylsilyl
groups, respectively.
The EI-GC/MS data for the reduced compound was
consistent with Structure III which has a molecular
weight of 422 Da. The presence of three trimethylsilyl
groups was supported by a study using d6-cholesterol
where loss of the TMSOH groups was shown to involve
the deuterium labels of this compound and by the
d9-BSA derivatized spectrum which showed three
losses of 99 u. Although the mass shift for the smaller
ions in this spectrum were useful for helping to deter-
mine whether Ring A or Ring B were included in these
fragments, the d6 results were not conclusive for the
structure of these ions.
The ion at m/z 129 was shifted by two mass units to
m/z 131 in the d6 spectrum, suggesting that Ring A of
the cholesterol molecule was involved in its formation
as previously described [13]. The corresponding ion in
the d9 spectrum was shifted by 9 u, so it was known that
one trimethylsilyl group was present in this fragment.
A structure consistent with previous studies of this ion
would include the trimethylsilyl group at carbon-3 and
deuterium ions from carbon-2 and carbon-3 as shown in
the structure for m/z 129 in Figure 4. Structures for the
other abundant ions in this spectrum are also indicated
in this figure.
Discussion
Electron ionization has been used extensively for anal-
ysis of neutral lipids such as steroids as exemplified by
the classic work of Djerassi and co-workers [14–16].
However, derivatization was often required, especially
for GC/MS analysis and detection of intact molecule
compounds that contained thermally unstable struc-
tural features was often impossible. In this study,
NaBH4 was used to reduce the cholesterol ozonide to a
compound with a molecular weight of 422 Da which
was stable to derivatization and gas phase analysis. The
initial peroxide was likely reduced to a hydroxyl moi-
ety, and the resulting product could rearrange in the
presence of water or alcohol to a keto-aldehyde [9],
which was further reduced, in the presence of NaBH4,
to the observed compound 5,6-secocholestane-3,5,
6-triol. Thus, information was lost during this derivati-
zation procedure, confounding the structural analysis
of the initial cholesterol ozonides.
Even though electrospray ionization did not require
modification of the cholesterol ozonide for analysis by
mass spectrometry, the major product of the reaction of
ozone with cholesterol did not readily ionize during
positive ion electrospray. However, when the ozonoly-
sis was carried out in methanol, a closely related
product (II) with a methoxyl group in place of the
hydroxyl was observed, which readily formed positive
ions. The ability of this structurally similar molecule to
ionize under positive ion conditions was undoubtedly a
result of the methyl substitution, which likely permitted
stabilization of an ammonium ion adduct by the methyl
ether oxygen atom.
In negative ion mode, the ionization properties of the
initial cholesterol ozonide were reversed. The hydroxy,
hydroperoxy bishemiacetal product (I) formed abun-
dant [M  OAc] and related ions that were readily
detected, whereas the methyl ether adduct formed in
methanol (II) did not form abundant negative ions. The
hydroxy hydroperoxy bishemiacetal moiety presented
a unique structure that covalently reacted with an
acetate or formate anion by attack at either the electron
deficient carbon-5 or carbon-7 to form a negative ion at
m/z 511 (Scheme 1).
Subsequent collision induced dissociation of the m/z
511 ion caused loss of hydrogen peroxide, which did
not involve abstraction of a hydrogen atom from an
adjacent carbon based on deuterium labeling studies.
Rather, the facile loss of hydrogen peroxide was due to
the close proximity of the carbon atom of the hydroper-
oxy moiety to an exchangeable proton of either a
primary or secondary carbinol at carbon-7 or carbon-3,
respectively, and this was the second most abundant
peak shown in the MS/MS spectrum from this ion.
Unfortunately, it was not possible to discern from
which hydroxyl the hydrogen atom was being ab-
stracted by MS/MS data alone. However, the hydroper-
oxide at carbon-5 was most likely the R-configuration
because the carbon-19 methyl group would prevent
formation of a 5S-molozonide as supported by the X-ray
crystallographic studies of the methyl ether analog [10].
With this stereochemistry, the peroxide carbon would
Scheme 1
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not be in close proximity to the exchangeable proton of
the secondary carbinol at carbon-3, and the peroxide
would most likely abstract the exchangeable proton
from the carbon-7 hydroxyl. If the acetate adduct was
formed at carbon-5, however, the stereochemistry of the
hydroperoxide would change to 5S and this would
bring it in close proximity to the hydroxyl proton at
carbon-3. The three possible mechanisms for loss of
hydrogen peroxide are shown in Scheme 2, although it
should be noted that abstraction from the primary
carbinol at carbon-7 would appear much more favor-
able than from the strained secondary carbinol at car-
bon-3.
Analysis of the collision activation of Compound II
in negative ion mode suggested that abstraction of the
hydroxyl proton at carbon-3 did not occur. The exchange-
able hydroxyl proton at carbon-7 was replaced by a
methyl group in this molecule making abstraction of the
hydroxyl proton at carbon-3 necessary for loss of per-
oxide. However, loss of peroxide was not observed in
the CID of this ion at m/z 525, the only fragment ion was
m/z 59. Attack of acetate at carbon-7 was expected to be
more favorable than at carbon-5 because the carbon-19
methyl would provide some steric hindrance consistent
with the observation that hydrogen peroxide was not
lost during collisional activation of II. An inability to
form an adduct at carbon-5 would also prevent the
hydroperoxyl group from coming into close proximity
with the exchangeable proton of the carbinol at carbon-3.
However, studies of the CID of the hexadeuterated
cholesterol ozonide supported the formation of acetate
adducts at both positions. Upon loss of acetate and
hydrogen peroxide from m/z 517, two peaks of similar
abundance are seen at m/z 422 and 423 which could be
explained by loss of a deuterium atom from carbon-4 if
the adduct was at carbon-5 and abstraction of a hydro-
gen atom from the non-deuterated position at carbon-7a
if the adduct was formed at carbon-7 (Scheme 3).
The most abundant ion upon collisional activation of
m/z 511, observed at m/z 93, was likely formed by attack
of the hydroperoxyl moiety on the carbon center of the
acetate (Scheme 4). This resulted in abstraction of the
exchangeable proton of the primary carbinol at car-
bon-6 and formation of the negative ion, m/z 93. Colli-
Scheme 2
Scheme 3
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sional activation of this ion as a formate adduct (m/z
497) resulted in a similar fragment ion at m/z 79. The
overall rearrangement resulted in a neutral molecule
with a keto-aldehyde structure.
While the mass spectral data shown here were con-
sistent with prior reports of the major product formed
during the reaction of ozone with various modified
cholesterol compounds, it is important to note that neither
the GC/MS data of the reduced compound nor the
ESI-MS/MS analysis of the intact ozonide were informa-
tive as to whether the compound was 5-hydroperoxy-B-
homo-6-oxo-cholestane-3,7-diol or 7-hydroperoxy-B-
homo-6-oxa-cholestane-3,5-diol because all fragment
ions seen could be formed from either compound.
However, the suggested collision induced decomposi-
tion mechanisms outlined in this work may be charac-
teristic of hydroxy, hydroperoxy, (bis)hemiacetals sug-
gesting that mass spectral analysis can be used for
analysis of this unusual class of compounds.
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